Abstract. Oral lichen planus (OLP) is a chronic inflammatory lesion involving the oral mucosa, which has a high likelihood of progressing to cancer. The present study investigated the periostin expression in the mucosa and serum of patients with OLP and its correlation with serum cytokines. A total of 117 patients with OLP and 110 healthy controls were included in the study. The protein expression of periostin were measured in the OLP and normal oral mucosa by immunohistochemistry. ELISA was performed to measure the serum levels of periostin, tumour necrosis factor-α (TNF-α), interleukin (IL)-6, interferon-γ (IFN-γ), IL-4 and thymic stromal lymphopoietin (TSLP). Compared with the control group the OLP group had a significantly increased number of cases with high periostin expression in the oral mucosa and a significantly increased serum periostin level (P<0.05). Among all 117 OLP subjects, high periostin expression was associated with higher serum IL-6, TNF-α, TSLP and tissue mast cell density. High periostin expression was also significantly associated with a lower IFN-γ/IL-4 ratio (P<0.05). The present study concluded that periostin expression was increased in the oral mucosa and serum of patients with OLP and was associated with inflammatory response, T helper 2 cytokine-predominant immune imbalance, increased mast cell count and TSLP. The modulation of periostin may represent an attractive novel therapeutic target.
Introduction
Oral lichen planus (OLP) is an inflammatory disease that affects oral mucosa, with a prevalence of 0.5 to 2.0% among the general population. This disease is more common in middle-aged patients (30-60 years) and affects more females than males (1) . The pathogenesis of OPL remains unclear, and it is generally considered to be an immunologically mediated process, including cytotoxic T cells activation and mast cell degranulation, thus demonstrating a hypersensitivity reaction (2) . In oral mucosa of OLP, CD8
+ T cells infiltrate in epithelium-connective tissue interface and promote apoptosis of oral epithelial cells at the basal layer (3) . A large clinical investigation among 7,806 patients showed that OLP has a malignant transformation rate of about 1.09% that develop oral squamous cell carcinoma (OSCC) (4) . The mechanisms underlying carcinogenesis of OLP include epithelial cell proliferation and apoptosis, deregulation of oncogenes and tumor-suppressor genes, oxidative stress and inflammatory process (5) . Currently histology is the main method to evaluate the clinical severity and potential risk of malignant transformation of OLP. New biomarkers are highly needed to indicate the transformation potential of OLP, thus will greatly improving the accurate evaluation of OLP.
Periostin is a soluble and secreted extracellular matrix protein and plays various roles in embryonic development, injury, tooth and bone formation (6) . Periostin expression is upregulated in various tumor types, such as breast, lung, ovarian, prostate, gastric, colon and pancreatic cancers (7) . Furthermore, periostin participates in various biologic processes of tumorigenesis, including cell survival, proliferation, adhesion, angiogenesis, epithelial-mesenchymal transition (EMT), tumor invasion and metastasis (8) . However, there were no studies about the role of periostin in OLP, as well as the associations between periostin and clinicopathological parameters of OLP.
In this study, periostin protein level in OLP was measured by immunohistochemistry (IHC) and enzyme-linked immunosorbent assay (ELISA), and the correlations between periostin and clinicopathological process of OLP were analyzed. Our study may provide periostin as a new biomarker for the early diagnosis and treatment of OLP. The total score= Grading of stain-positive cells x Grading of staining intensity. For statistical analyses, the cases that were found to have total score of ≥4 and <4 were considered high expression and low expression of periostin, respectively (9) .
Materials and methods

Subjects
Measurement of serum periostin, interleukin (IL)-6, tumour necrosis factor-α (TNF-α), interferon-γ (IFN-γ), IL-4 and thymic stromal lymphopoietin (TSLP) concentration.
Venous blood samples were collected from OLP subjects and controls, and centrifugation was performed within 30 min at 1,000 x g for 15 min. The serum was separated and stored in aliquots at -70˚C until measurement. ELISA kits (R&D Systems, Inc., Minneapolis, MN, USA) were applied to measure the serum concentrations of periostin (DY3548), IL-6 (DY206), TNF-α (DY210), IFN-γ (DY285), IL-4 (DY204-05) and TSLP (DY1398). The absorbance at OD450 wavelength was measured by an ELISA plate reader (Ricso RK201; Shenzhen Ricso Technology Co., Ltd., Shenzhen, China). All samples were measured in triplicate to calculate the mean concentration of each subject.
Counting of mast cells. Toluidine blue (1%) is used to evaluate mast cell density by selectively staining mast cells of oral mucosa tissue. In mast cells, the granules were stained with purplish red and the nuclei with sky blue in colour. The number of mast cells was counted under a an microscope (BX51; Olympus Corporation, Tokyo, Japan; magnification, x400 
Results
Expression of periostin in normal and OLP oral mucosa.
The study group of 117 OLP patients included 45 males and 72 females, with ages ranging from 28 to 72 years (median age, 52 years). There were 52 (44.4%) cases of reticular form, 41 (35.0%) cases of erosive form, and 24 (20.5%) cases of atrophic form. The clinical type of OLP was significantly associated with serum cytokine levels, and atrophic form had the highest levels of serum IL-6, TNF-α, IL-4, TSLP, oral tissue mast cell density, and the lowest level of serum IFN-γ/IL-4 ratio (P<0.05; Table I ). There were 110 healthy controls including 37 males and 73 females, with the ages ranging from 27 to 67 years (median age, 52 years). No significant differences were found in age and gender between control group and OLP group. The protein expression of periostin was determined by IHC in oral epithelium tissues and by ELISA in serums of OLP patients and controls. The periostin protein level was evaluated based on the combination of positive cell percentage and staining intensity, and there were 56 (47.9%) OLP cases showing high periostin expression, which was significantly higher than that of controls (12 cases, 10.9%) (P<0.001). Furthermore, the serum periostin level was significantly higher in OLP group (Median 86.9 µg/l) than control group (Median 37.4 µg/l) (P<0.001) (Table II) . In most cases of OLP, strong periostin staining was found in the oral epithelium, and little or no periostin staining was found in oral epithelium of most controls (Fig. 1A and B) , Therefore, in the later study, we divided OLP subjects into high periostin group (n=56) and low periostin group (n=61) according the results of IHC.
The periostin expression was significantly associated with OLP clinical type. Atrophic form had the highest percentage (17/24) of high tissue periostin expression among all three OLP clinical types (P<0.05; Table I ). Moreover, serum periostin levels in erosive form and atrophic form were significantly higher compare with that in reticular form (P<0.001; Fig. 1C ). There was significant correlation between tissue periostin expression and serum periostin level, which was supported by significantly higher serum periostin level in high periostin group compared with low periostin group (Fig. 1D) .
Association between periostin expression and proinflammatory cytokine levels. To further investigate the clinical significance of periostin in OLP, the correlations between periostin expression and proinflammatory cytokine levels in 117 patients were analyzed. Serum IL-6 and TNF-α levels were significantly higher in high periostin group compared with low expression group ( Fig. 2A and B ). Furthermore, serum periostin level was correlated positively to IL-6 (r= 0.321, P<0.001) and TNF-α (r=0.360, P<0.001; Fig. 2C and D) .
Association between the periostin expression and IFN-γ/IL-4 ratio.
The serum IFN-γ concentrations showed no statistically significant between periostin-high group and periostin-low group (P= 0.750; Fig. 3A) . The serum IL-4 concentrations were significant higher in patients with periostin-high than in patients with periostin-low (P= 0.005; Fig. 3B ). The serum IFN-γ/IL-4 ratio was significantly lower in OLP patients with periostin-high than in those with periostin-low (P= 0.003; Fig. 3C ). Furthermore, we found negetive correlation between the serum periostin level and serum IFN-γ/IL-4 ratio (r=0.369, P<0.001; Fig. 3D ).
Association between the periostin expression and mast cell count. Total number of mast cells stained with TB showed significantly higher in oral tissue of patients with periostin-high (median=28 MCs/mm 2 ) than that with periostin-low (median=26 MCs/mm 2 ) (Fig. 4A) . Positive correlation was observed between the serum periostin level and mast cell density in oral tissue of OLP subjects (r= 0.439, P<0.001; Fig. 4B ).
Association between the periostin expression and serum TSLP.
The serum concentration of TSLP was significantly higher in patients with periostin-high than those with periostin-low (P<0.01; Fig. 4C ). There was positive correlation between the serum periostin level and TSLP in OLP subjects (r= 0.644, P<0.001; Fig. 4D ).
Discussion
In this study, we measured periostin expression in 117 OLP subjects and found that periostin protein levels were significantly higher in oral mucosa and serum compared with those in controls. The high periostin expression was positively correlated with serum IL-6, TNF-α, TSLP and tissue mast cell density, and negatively correlated with IFN-γ/IL-4 ratio. Our study provides a new biomarker for clinical status and malignant potential of OLP.
Our study showed that high expression of periostin was detected in more cases of OLP specimens than those of normal oral mucosa specimens. Other report showed that periostin expression was higher in OSCC tumor tissue compared with control tissue (11) , and periostin protein level was significantly correlated with OSCC invasion and metastasis (12) . This indicates that periostin has cancerous potential and might play roles in malignant transformation of OLP. In fact, our results showed that periostin expression was significantly higher in OLP with erosive and atrophic forms, two OLP clinical types with the highest malignant transformation rate (13) . Furthermore, serum periostin levels were also significantly higher in OLP subjects than in controls, and positive correlation was observed between tissue periostin and serum periostin levels. These indicate that the serum periostin might come from oral mucosa, as periostin is a soluble and secreted extracellular matrix protein. Therefore, serum periostin may act as a biomarker for evaluating clinical status and malignant transformation potential of OLP patients.
Our results showed the association between periostin expression and inflammatory response, as evidenced by increased serum IL-6 and TNF-α level in periostin high group compared with periostin low group, and our results are in accordance with other report (14) . Chronic inflammation is an important mechanism of OLP and it participates in the development and progression to OSCC (15) . Aberrant production of cytokines may lead to immune deficiency or autoimmunity, which are involved in the mechanisms of OLP (16) . Periostin is also a protein involved in inflammatory response and could produce tumor-promotive microenvironments (17) . Treatment with TNF-α could significantly increase in periostin expression in intestinal epithelial cells (18) , and this indicates that inflammation can promote the production of periostin. Furthermore, periostin is also a promotor of inflammation and can activating NF-κB signaling, thereby increasing IL-6 production (19) . Therefore, a positive feedback loop may exist in OLP that induce the interaction between periostin and proinflammatory cytokines.
Our results showed the serum IFN-γ/IL-4 ratio was significantly lower in periostin-high group compared with periostin-low group, and a negative correlation was observed between serum periostin and IFN-γ/IL-4 ratio. In mucosal immune response, CD4+ T lymphocytes can differentiate into two functionally distinct populations with opposite effects, T helper 1 (Th1) cells and Th2 cells. IFN-γ and IL-4 are two principal cytokines which are produced from Th1 and Th2 cells respectively, thus maintaining Th1/Th2 balance (20) . OLP patient showed a lower IFN-γ/IL-4 ratio in both serum and saliva, especially in erythematous/ulcerative group compared with the reticular group (21) . This indicates OLP is a Th2 cytokine-predominant disorder and Th2 immune imbalance may lead to immunosuppression and increase the risk for malignant transformation. In allergic skin inflammation mouse model, Th2 cytokines IL-4 and IL-13 could stimulate periostin production, thereby inducing proinflammatory cytokines and accelerating Th2-type immune responses (22) . Therefore, in our study, periostin may mediate the inflammatory response induced by Th2 immune imbalance.
We found OLP patients with high periostin expression showed increased total number of mast cells in oral mucosa tissue than patients with low periostin, and the mast cell density was positively correlated to serum periostin levels. Mast cell count was higher in oral mucosa of OLP compared to that of healthy controls (23) . Currently, the association between mast cell and periostin remains unclear. A report showed that mast cell count was higher in oral submucous fibrosis (OSMF) than in normal buccal mucosa (24) . OSMF is a premalignant mucosal disease with inflammation and progressive fibrosis. As an inducer of fibrosis in various tissues, periostin might mediate the fibrosis process of OSMF (25) , and the potential regulatory roles of periostin in mast cells of OLP deserve further investigation (26) .
Our results showed the serum TSLP was significantly higher in periostin-high group compared with periostin-low group, and a positive correlation was found between the serum TSLP and periostin levels. TSLP is a cytokine that can activate dendritic cells to induce Th2-mediated inflammation (27) . In OLP subjects, the TSLP-positive cells in oral epithelium and the TSLP serum level were significantly increased than in normal controls (28) . The pathogenesis of TSLP in OLP may be associated with activating Th2 cytokine production and enhanced mast cell proliferation (29) . Periostin can contribute chronic inflammation by stimulating TSLP production in lesional skin of cutaneous T-cell lymphoma (30) . Therefore, in our study the high serum TSLP may induced by overexpressed periostin in oral epithelium of OLP, and the detailed mechanism underlying TSLP production by periostin in OLP deserve further investigation.
In conclusion, the expression of periostin is significantly elevated in oral epithelium and serum of OLP patients, which indicates higher malignant potential of OLP. The high periostin expression in OLP is positively correlated with serum IL-6, TNF-α, TSLP and tissue mast cell density. Periostin may cause chronic inflammation, stimulating TSLP production and mast cell proliferation, and direct the autoimmune response towards Th2 immune imbalance. Periostin might promote malignant transformation of OLP, which required verification in future studies with larger sample size. More investigation is needed to elucidate the mechanisms of periostin in OLP canceration processes by in vitro and in vivo experimental studies.
